Purpose Women with benign breast disease (BBD) have an increased risk of subsequent breast cancer. However, whether conventional breast cancer risk factors influence risk of breast cancer among women with BBD is unclear. In this study, we investigated the associations of lifestyle, menstrual/reproductive, and histological factors with risk of breast cancer among women biopsied for BBD. Methods We conducted a case-control study, nested within a cohort of 15,395 women biopsied for BBD at Kaiser Permanente Northwest between 1971 and 2006. Cases were women who developed a subsequent invasive breast cancer during follow-up; controls were individually matched to cases on age at BBD diagnosis. A total of 526 case-control pairs were included in the study. We calculated crude and multivariable OR and 95% CI for the associations between lifestyle, menstrual/reproductive, and histological factors and breast cancer risk using conditional logistic regression.
Introduction
Women with benign breast disease (BBD) have a twofold increase in risk of subsequent invasive breast cancer [1, 2] . Risk varies by histological characteristics of the BBD, and is particularly high in women with atypical hyperplasia, who have been shown to have a four-to fivefold increase in breast cancer risk [3] . However, women with BBD do not necessarily progress to invasive breast cancer. Hence, other factors must also influence the likelihood of progression. In this regard, to date, only a few studies have examined the role that established breast cancer risk factors play in modulating the risk of breast cancer among women with BBD, and the evidence remains inconclusive [4] [5] [6] [7] [8] [9] . In addition, other histologic features such as lobular involution, which is characterized by progressive loss of breast epithelial cells with increasing age, may also affect risk of breast cancer [10, 11] , but little is known about the association between lobular involution and breast cancer risk in this group of women.
Given the paucity of existing data on risk factors for breast cancer in women diagnosed with BBD, we investigated the association between histological characteristics, lifestyle factors, and menstrual and reproductive history, and breast cancer risk in a large cohort of women with BBD.
Materials and methods

Study population and design
We conducted our investigation by performing a casecontrol study nested within a cohort of women who had a biopsy for benign breast disease (BBD) within the Kaiser Permanente Northwest Region (KPNW) health care system. KPNW is a prepaid health plan that provides comprehensive medical care for over 500,000 members in facilities located in Southwest Washington and Northwest Oregon.
Cohort definition
The cohort consisted of the 15,395 women aged 21-85 years who received a histopathologic diagnosis of BBD at KPNW between August 3, 1971 and December 31, 2006 and were followed until July 1, 2015. Women were excluded from the study if they: (i) were diagnosed with invasive breast cancer prior to or within one year of their first biopsy for BBD (N = 3); (ii) had carcinoma in situ prior to their first biopsy for BBD (N = 4); (iii) had no breast tissue in their biopsy (N = 79); (iv) had no risk factor information (N = 15); or (v) if their matched pair was missing (N = 38).
Case definition, ascertainment, and selection
Cases were women with a biopsy for BBD and with a subsequent first diagnosis of invasive breast cancer at least 1 year after the index BBD biopsy. The occurrence of breast cancer in the cohort was ascertained by linking records from the BBD cohort to the KPNW Tumor Registry. The KPNW Tumor Registry has operated continuously since 1960 and is approved by the Commission on Cancer of the American College of Surgeons. It was computerized in 1978 and includes all cases diagnosed since 1960. Cases of cancer are identified primarily from pathology reports forwarded directly from the Department of Pathology at KPNW to the Tumor Registry at the time of diagnosis. These cases are supplemented by examination of the inpatient discharge logs, referrals to radiation oncologists, and surveillance of radiology reports marked as particularly suspicious for cancer. The terms of insurance coverage by Kaiser Permanente serve to concentrate members' medical care within the walls of KPNW, particularly for chronic diseases such as cancer. The KPNW Tumor Registry has an excellent follow-up rate, even for women who are no longer health plan members, and it has maintained a follow-up rate of 98% of patients (living and dead) enrolled since its reference date of 1960.
Control definition and selection
Controls were women with a biopsy for BBD who were alive but had not developed breast cancer during the same follow-up period as that for the corresponding cases. For each of the cases, we randomly selected one control using risk-set sampling. Each control was individually matched to the corresponding case on age at diagnosis of BBD (±1 year) (and implicitly, given the risk-set sampling, on duration of membership of KPNW), and was sampled randomly from the risk-set with replacement [12] . In addition to being alive and free of invasive breast cancer, each control was required not to have undergone a mastectomy before the date of diagnosis of breast cancer for its matched case.
Risk factor data
KPNW uses unique and permanent health record numbers to identify all members. All encounters with the medical care system-clinic visit, prescription, operation, laboratory test, and so on-are linked by this identification number and are recorded in the single health record. For the present study, risk factor information was obtained by abstracting data from the KPNW medical records using a chart abstraction manual. This yielded information on age at menarche; age at first live birth; number of pregnancies; menopausal status; family history of breast cancer in a firstdegree relative; height; weight; ever use and duration of use of cigarettes and number of cigarettes smoked per day; ever use and duration of use of hormone replacement therapy (HRT); and history of and date of bilateral oophorectomy and hysterectomy.
Tissue acquisition
The KPNW Department of Pathology has retained slides of all its cases since 1970. The files of slides are complete and are easily accessed. Blocks are similarly available and archived in the KPNW warehouse adjacent to the pathology laboratory. For subjects selected for inclusion in the study described here, attempts were made to retrieve tissue blocks from the archives.
Histopathology
Hematoxylin and eosin sections, prepared from the BBD tissue blocks, were reviewed by a breast pathologist who was blinded to the case-control status of the study subjects. The BBD lesions were classified according to the wellestablished criteria of Page and colleagues [13] [14] [15] [16] as follows: no lesions/non-proliferative lesions (cysts, fibrosis, apocrine metaplasia, adenosis, simple fibroadenoma); proliferative disease without atypia (mild, moderate, or florid epithelial hyperplasia; columnar cell change and columnar cell hyperplasia; complex fibroadenoma; sclerosing adenosis; radial scar; complex sclerosing lesion, papilloma); and proliferative disease with atypia (atypical ductal hyperplasia, atypical lobular hyperplasia, columnar cell change and columnar cell hyperplasia with atypia/and flat epithelial atypia). Each biopsy specimen was further categorized for lobular involution (absent, 1-74, C75%, not assessable) [10] .
Statistical analysis
Conditional logistic regression was performed to estimate the crude and multivariable odds ratios (OR) and 95% confidence intervals (CI) for the associations of lifestyle factors, family history of breast cancer, menstrual/reproductive factors and histological factors with breast cancer risk. Specifically, the following variables were examined: cigarette smoking status (yes/no), pack-years of cigarette smoking (never, [0-10, [10-20, [20-30, [30) , BMI (\18.5, 18.5-24.9, 25-29.9, C30 kg/m 2 ), family history of breast cancer in a first-degree female relative (yes/no), age at menarche (\11, 12-13, C14 years), age at first live birth (never had, 15-19, 20-24, 25-29 , C30 years), number of pregnancies (never pregnant, 1, 2, 3, C4), oophorectomy (yes/no), HRT use (yes/no), duration of HRT use (never, [0-9, 10-20, [20 years, BBD (no lesions/non-proliferative lesions; proliferative disease without atypia; and atypical hyperplasia), and lobular involution (yes/no; absent, 1-74 and C75%).
Results for each variable are presented as both crude (univariate) ORs, and as multivariable ORs that are adjusted for the other variables of interest. Age at first live birth and number of pregnancies are strongly correlated with each other. Hence, to deal with the issue of collinearity between these variables, we included them as a compound variable in the multivariable model (nulliparous; age at first live birth C25 years and number of pregnancies \3; age at first live birth C25 years and number of pregnancies C3; age at first live birth \25 years and number of pregnancies \3; age at first live birth \25 years and number of pregnancies C3) [5] .When age at first live birth or number of pregnancies was assessed as the main exposure, the aforementioned compound variable was excluded from the multivariable model. All variables with missing information were assigned a missing value indicator for the analyses.
Finally, we conducted stratified analyses to assess whether the associations between the risk factor variables and breast cancer differed by BBD type (non-proliferative versus proliferative disease (with and without atypia) and menopausal status (premenopausal and postmenopausal) using unconditional logistic regression. The unconditional logistic regression models were adjusted for the same covariates as the multivariate conditional logistic regression models (unless included as the main exposure) in addition to the matching factor (age at diagnosis of BBD).
To assess trend in risk across consecutive levels of the categorical variables, each category was allocated an ordinal number. The exposures were then fitted as continuous variables in the models and Wald tests were used to assess statistical significance. The missing value indicator was excluded from all tests for trend.
The statistical analyses were conducted using Stata 14.1 (StataCorp, College Station, TX, USA). P values \0.05 were considered to be statistically significant.
Results
Benign breast disease histology
Epithelial hyperplasia without atypia was not associated with altered risk of breast cancer (Table 1) . Women with atypical hyperplasia, however, had a fivefold increased risk of subsequent invasive breast cancer (adjusted OR 5.56; 95% CI 2.05-15.06).
Lifestyle factors and family history
There were no differences in the risk of breast cancer between cases and controls by smoking status, pack-years of cigarette smoking, BMI or family history of breast cancer in a first-degree relative (Table 2 ). These associations also did not vary by BBD type (Supplementary Table 1 ) or by menopausal status (results not shown).
Reproductive factors
After adjustment for smoking history, BMI, age at menarche, menopausal status, history of oophorectomy, family history, hormonal therapy use, and benign disease histology, all categories of age at first live birth and number of pregnancies were at reduced risk of breast cancer compared to that for nulliparous women (Table 3) . Being perimenopausal or postmenopausal was also inversely associated with breast cancer in both univariate and multivariable analyses (perimenopausal-adjusted OR 0.28; 95% CI 0.09-0.92, postmenopausal-adjusted OR 0.60; 95% CI 0.39-0.94). However, there was little alteration in risk in association with early age at menarche (\11), early age (15-19 years), and late (C30 years) age at first birth, and a relatively large number of pregnancies (C5). Women who had ever used hormone therapy had a substantial increase in risk of breast cancer compared to never users (adjusted OR 3.61; 95% CI 1.68-7.75), although there was no trend in risk with duration of use. There was some suggestion of a reduction in risk in association with a history of bilateral oophorectomy (albeit not statistically significant). Table 2 ). The associations between the remaining reproductive factors and risk of breast cancer did not vary by BBD type. When the analyses were stratified by menopausal status, there were no associations between menstrual/reproductive factors (age at menarche, age at first live birth, number of pregnancies, history of oophorectomy, hormonal therapy use, and duration of hormonal therapy use) and risk of breast cancer (results not shown).
Lobular involution
A statistically non-significant inverse association was seen between lobular involution and breast cancer risk (Table 4) . When considering the extent of lobular involution, a similar statistically non-significant inverse association was apparent, although the association was attenuated in the multivariate model.
Discussion
This large, nested case-control study is one of only a few studies that has examined the association between classical breast cancer risk factors and breast cancer risk among women with BBD [4, 5, 17, 18] . Our results suggest that being postmenopausal is associated with reduced risk of subsequent invasive breast cancer in women with BBD, while ever use of hormone therapy, and BBD lesions showing atypical hyperplasia are associated with an increased risk of subsequent breast cancer development. When stratified by BBD histology, the reduction in risk for postmenopausal women was restricted to those with proliferative disease, as was the increase in risk in association with ever use of HRT. The associations between the lifestyle or menstrual/reproductive factors and risk of breast cancer, however, did not vary by menopausal status (results not shown). Early age at menarche, early age at first live birth, having a higher number of pregnancies, history of oophorectomy, and lobular involution were not associated with risk of breast cancer.
Smoking status, BMI and family history
Similar to the results of Kabat and colleagues [5] , our study did not find any association between smoking history or pack-years of cigarette smoking and breast cancer risk among women with BBD. Research on smoking as a risk factor for invasive breast cancer remains inconclusive, but several recent studies have reported a positive association between smoking and breast cancer risk [19] [20] [21] . Family history of breast cancer and obesity are better established risk factors for breast cancer [22] [23] [24] . In keeping with findings from previous studies [5, 17, 25] , there was no evidence from this study to support an association between obesity or family history and breast cancer risk among women with BBD overall. However, contrary to our finding of a null association between family history and breast cancer risk among women with proliferative BBD, several studies have provided evidence in support of elevated risk of breast cancer in relation to a positive family history of breast cancer [17, 26, 27] . However, further studies are needed to confirm this.
Reproductive factors
Women who have an early age at first live birth, have a history of bilateral oophorectomy, or have a relatively [22, 23, 28] . However, the role of these reproductive factors in affecting breast cancer risk among women with BBD is underexplored. One early study reported that women with atypical hyperplasia who were nulliparous had a fivefold increased risk of breast cancer [4] . Previously, Kabat et al. also demonstrated that reproductive factors, including relatively early age at first live birth and having a relatively large number of pregnancies, may confer reductions in breast cancer risk among women with a history of BBD [5] . We saw similar inverse associations in the current study for early age at first live birth and having a relatively large number of pregnancies, but the associations were not statistically significant.
In line with our findings, Kabat et al. also reported that postmenopausal women with BBD had lower risk of breast cancer compared to premenopausal women [5] . In further analyses, we showed that the association with postmenopausal status appeared to be confined to those with proliferative BBD. These findings suggest that the association between having a previous BBD and subsequent development of breast cancer may be mediated by menopausal status. The observed inverse association with menopausal status may be partly driven by the reduction in circulating estrogen levels that occurs in association with menopause [29, 30] .
Evidence on the association between HRT use and breast cancer risk among women with BBD remains inconsistent. Contrary to our study, in which we observed a strong positive association, two studies provided null findings for the association between HRT use and breast cancer among women with BBD [5, 31] , while inverse associations were reported by two earlier studies [32, 33] . Nonetheless, findings from our study are consistent with those from previous studies which indicate a greater risk of breast cancer among HRT users than non-users [34] [35] [36] . Unlike the Collaborative Group on Hormonal Factors in Breast Cancer study and more recent studies [34, 37, 38] , which have reported that longer duration of HRT use is associated with increased risk of breast, we did not observe any association between duration of use and breast cancer. Nonetheless, the positive association observed in this study between HRT use and breast cancer risk is in accord with biologically plausible evidence which suggests that hormones such as estrogen may induce breast carcinogenesis by promoting tumor cell proliferation and migration [39] [40] [41] . The increased risk may also be partly due to the fact that HRT can increase breast density, thus reducing the sensitivity and specificity of the breast screening [22] .
Breast histology
Similar to previous studies, the current study showed an increased risk of breast cancer among women with epithelial hyperplasia without atypia, although the association was not statistically significant [1-3, 13, 42, 43] . However, there was a very strong, statistically significant positive association between atypical hyperplasia and risk. The latter finding is in agreement with those of previous studies [1, 2, 13, 42, 43] . Although only a small proportion of women with BBD are diagnosed with atypical hyperplasia, this lesion is potentially clinically relevant as it has been hypothesized that it may be a premalignant lesion, given that it contains some of the features that characterize breast cancers [44, 45] .
In contrast to proliferative benign breast disease, lobular involution has been associated with reduced risk of breast cancer [10, 46] . Although the association between lobular involution and breast cancer was not statistically significant in our study, there was some suggestion of an inverse association, as observed in previous studies involving women with BBD [10, 11] .
Strengths and limitations
This study has several strengths. The study was conducted in a defined population, the sample size was substantial, and the benign breast lesions were subjected to standardized histological review conducted by a pathologist blinded to case-control status. Also, the risk factor information was collected using a standardized chart abstraction form to obtain data from the KPNW medical records, which have been shown to be of high quality [47, 48] .
Concerning limitations, although the study was relatively large, we had limited power to perform stratified analyses separately for those with and without atypical hyperplasia. Also, for some of the variables examined, the proportion of missing values was relatively large.
Conclusion
Our findings suggest that risk of subsequent invasive breast cancer in women with BBD is associated with several other factors. Specifically, amongst women with BBD, risk of breast cancer is decreased in those who are postmenopausal, and increased in those who have ever used HRT. Both of these associations appeared to be particularly evident amongst those with proliferative forms of BBD. Antecedent BBD, and particularly atypical hyperplasia, rendered women at substantially increased risk for breast cancer. Further work is needed to elucidate how BBD combines with other breast cancer risk factors to influence breast cancer risk. Such knowledge may be useful in guiding interventions aimed at preventing progression to invasive breast cancer. However, full elucidation of the complex interplay between these factors will require larger studies.
